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Abstract 
Electronic structure theory has recently been used to propose hypothetical compounds in presumed crystal structures, seeking 
new useful functional materials. The functional materials include transparent conductors needed in solar cell, light emitting diode 
and flat panel displays, which represent the usually contraindicated functionalities of optical transparency (generally associated 
with electrical insulators) coexisting with electrical conductivity (generally associated with optically opaque metals). Usually, 
such hypothetical materials are meta-stable, albeit with technologically useful long lifetimes. Yet, in other cases, suggested 
hypothetical compounds may be significantly higher in energy than their lowest-energy crystal structures or competing phases, 
making their synthesis and eventual device-stability questionable. Shifting focus from the previous searches of doping wide-gap 
metal oxides turns our focus to the newly predicted never before synthesized ABX compounds of TiIrSb, TaIrSn and ZrIrSb 
called “filled tetrahedral structure” (sometimes called Half-Heusler). We give interest to these compounds because; there stability 
range is located around X-richest and A/B-poor growth. The ‘inverse design’ principles are applied to ABX compounds. Then 
the effect of atomic number in their materials to tolerance of sufficient level of off-stoichiometry in creation of free holes that 
avoid the ionic sites and thus lead to high hole mobility at room temperature. 
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1. Introduction 
The source for clean energy in the world has been on the run for for a while now. Solar energy is more reliable 
due to its availability, affordability and generally non hazardous character. Transparent conducting oxides (TCO’s) 
have for a while dominated numerous applications. In electrical conductivity they are exploited in making front-
surface electrodes for solar cells and flat panel displays.  
In the last two decades there has been a shift from the traditional metal oxide transparent conductors(TCs) to the 
newly predicted and unexpected ABX transparent conducting compounds. The search of TCs has generally focused 
on chemical groups characterized as light element wide gap oxides, such as Al-doped ZnO, (for n-type) or CuAlO2, 
and K-doped SrCu2O2 (for p-type) TCs. Recently, there is an attempt leading to the discovery within such a 
preconceived chemical neighbourhood (either by high-through put computation synthesis, or via combinatorial 
synthesis). The discovery of TCs might be guided instead by a set of physics-based metrics that p-type TCs need to 
satisfy a set priori then search not only light element oxides or nitrides but allow for a broader range of chemistries 
to be inspected [1]. In recent years, nitride materials Si3N4, Ge3N4, Sn3N4 and C3N4 have attracted considerable 
attention due to their interesting electronic properties for technological application. These binary compounds exist in 
numerous polymorphs such as α, β and cubic spinel [2]. Si3N4, Ge3N4 and Sn3N4 have been synthesized in 
laboratories, yet the synthesis of C3N4 remains a major scientific problem. Properties such as dielectric constants, 
elastic constants, shear and bulk modulus and band gaps of Si3N4, Ge3N4, Sn3N4 and C3N4 are well known from 
experimental measurements and theoretical calculations [3]. Other authors have done an investigation on structural 
stability, equation of state, elastic constant, dielectric constant and band gap of Si3N2by conducting first-principles 
calculations. The calculations are based on density function theory and were performed using the local density 
approximation and generalized gradient approximation. Si3N2 is dynamically unstable at the pressure of around 20 
GPa but mechanically stable at the same pressure [4]. 
Feng Y. et al. propose a functionality method in which they designed and discovered a novel half-Heusler 
transparent hole conductor made of all-metallic heavy elements. The ‘Design Principles’ include a combination of 
(a) electronic structure features of the perfect crystal and, in parallel, (b) properties of the non-stoichiometric 
defected lattice. In considering such design principles, it is not obvious a priori that only the traditionally sought 
light element oxides are eligible for satisfying these simultaneous conditions.  
We choose to build on the previous statement of the half-Hausler design developed, being very open; not tied to 
the light element oxides. This diverts the focus to the 18-electron ABX compounds that represent diverse chemical 
groups such as AnB10X(8-n) as well as A(n+1) B9X(8n) (n=1,2,3,4) with atoms spanning column 1–5,9–17 in the Periodic 
Table [1]. This broad range of atoms (albeit within the group of ABX) encompasses a broad range of chemistries 
including light as well as heavy elements; anions as well as cations. The previously synthesized members from these 
groups manifest extraordinary functionalities such as thermo-electricity, superconductivity, piezoelectricity and 
topological insulation, but as yet no TCs. However not all atom combinations that, by the current understanding of 
solid-state chemistry, can plausibly lead to such ABX structures can be realized. For example, from a total of 483 
possible 18 valence electron ABX compounds from the above noted chemical groups, only 83 are known [1], 
whereas 400 are infact ‘missing compounds’ that might constitute a new area that can be exploited to develop new 
materials with new functionalities. That’s why we come in with these four ABX compounds; TaIrGe, TiIrSb,TaIrSn 
and ZrIrSb, to test their thermodynamic stability as predicted in the experimental results. Transparent conductors 
needed in solar cells, light emitting diodes and flat panels [1] represent the usually contraindicated functionalities of 
optical transparency (generally associated with electrical insulators) co-existing with electrical conductivity 
(generally associated with optically opaque metals) [1]. We choose ABX compounds specifically TaIrGe, 
TiIrSb,TaIrSn and ZrIrSb among many since TaIrGe has been studied [1] and computation will proof its validity. 
The other three we assume that they have a wide (>2.5eV) direct band gap for optical transparency and that their 
intrinsic defects are hole producers (acceptors such as cation vacancies) have low formation enthalpy (that is, be 
abundant).In addition, they have shallow acceptor levels (that is, be readily ionizeable), whereas the intrinsic defects 
that are ‘hole killers’ (donors such as anion vacancies) have high formation enthalpy. And if this is true, we shall 
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have identified some unexpected compounds that will assist in the invention of the novel transparent hole 
conductors that can be useful in solar cells and flat panel solar displays.  
Specific Objectives of this study include: 
1. Calculation of phonon spectrum using the density functional perturbation theory as implemented in 
Quantum Espresso.  
2. To calculate the formation enthalpy each ABX phase and its competing phase by simultaneously solving 
a set of inequalities.  
3. To realize and characterize TaIrGe, TiIrSb,TaIrSn and ZrIrSb 
2. Methods 
2.1. Structure relaxation and total energy calculation  
We construct a set of candidate structure types for a given stoichiometry from the Inorganic Crystal Structure 
Database (ICSD), and calculated their total energies using density function theory (DFT), so as to find the lowest-
energy crystal structure of ABX compounds. In pursuit of this, we employ the Perdew-Burke-Ernzerhof (PBE) 
exchange-correlation function as implemented in the Vienna ab initio simulation package (VASP), the projector-
augmented wave (PAW) pseudo-potential, and energy-cut-off of 220–520 eV. The reciprocal space is sampled using 
grids with densities of 2π × 0.068 Å−1 and 2π × 0.051 Å−1 for relaxation and static calculation, respectively. In 
addition, the DFT+U method and U = 3 eV is used for transition metals in this study.  
2.2. Calculation of phonon spectrum  
We have the density function perturbation theory as implemented in Quantum Espresso with norm-conserving 
GGA pseudo-potentials and plane-wave cut-off of 100 Ry. This theory is used to calculate the phonon spectrum of 
TaIrGe, TiIrSb,TaIrSn and ZrIrSb.  
2.3. Thermodynamic stability analysis and Band structure calculation  
The knowledge of formation enthalpy is very important in this section because, it is used in the determination of 
thermodynamic stability of the ABX compounds. This is done from the calculated formation enthalpy, ΔHf of each 
ABX phase and its competing phases by simultaneously solving a set of inequalities in a 3-dimensional space of  
Fig. 1. Phonon spectrum of TaIrGe [1]. 
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chemical potentials ΔμA, ΔμB and ΔμX, e.g. for binary competing phase AaBb we use inequality of the form aΔμA 
+ bΔμB<ΔHf(AaBb). For ABX, we used ΔμA + ΔμB + ΔμX = ΔHf (ABX). The values of ΔμA, ΔμB, and ΔμX 
where all inequalities were satisfied, defined the stability area of the ABX compound. We use a generalized Kohn- 
Sham scheme with the hybrid exchange-correlation function (HSE06) to evaluate the band structure and density of 
states of the experimentally realized material.  
2.4. Theoretical realization and characterization of TaIrGe, TiIrSb, TaIrSn and ZrIrSb.  
Intrinsic defect calculation will be done by the Supercell method in which a 2×2×2 cubic supercell with 96 atoms 
is used. The tetrahedral bending mode to the four nearest-neighbour atoms surrounding vacancy and anti - site 
defects at Ta and Ge sites is applied; similar modes were applied to the eight nearest-neighbour atoms surrounding 
the Ir site. The tetrahedral bending mode is also applied to TiIrSb, TaIrSn and ZrIrSb. Defect transition levels of the 
intrinsic defects in TaIrGe, TiIrSb, TaIrSn and ZrIrSb is calculated.  
3. Results 
We determine the tendency of stability of the ABX compounds in the region of variation of heavy X in cubic 
half-Heusler structures; hence we determine whetherthe predicted compounds potentially have wide band gaps. The 
ABX compounds with heavy X are stable in cubic half-Heusler structures, showing that they have wide bad gap. 
The graph of Phonon spectrum of TaIrGe, TiIrSb, TaIrSn and ZrIrSb is plotted to see the output response of these 
compounds on photon interaction. Density of states of TaIrGe, TiIrSb,TaIrSn and ZrIrSb by Hybrid function method  
Fig. 2. Stability areas (in green) of TaIrGe (a), TaIrSn (b), TiIrSb (c), and ZrIrSb (d) in the chemical potential space of A, B, and X [1]. 
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Fig. 3.A graph of density of states (states/eV) against Energy for predicted ABX compounds. 
with and without spin-orbit coupling (SOC) is also plotted to determine the stability of the compounds. The phonon 
frequency plot for the spectrum of TaIrGe is given in figure 1 and similar results will be obtained for TiIrSb, TaIrSn 
and ZrIrSb.  
The electrical transmittance of the developed compounds assists in the determination of materials that are not 
reported and predicted. Unreported and predicted stable materials are also determined. Stability area graphs of 
TaIrGe, TaIrSn, TiIrSb, and ZrIrSb in the chemical potential space of A, B, and X show areas corresponding to a 
binary or ternary competing phase. The red line shown in these figures gives the X-richest condition as shown in 
figure 2. The areas shown in green given the stability regions of the newly synthesised materials of TaIrGe, 
TiIrSb,TaIrSn and ZrIrSb, in respect to each graph. Stability lines for competing phases are displayed by the blue 
lines.Each blue line corresponds to a binaryor ternary competing phase. The red line stands for the X-
richest condition. 
We use the states per electron-volt to determine the hole mobility and as seen from figure 3 obtained from Feng 
Y., et al, we observe at 0eV there is metallic characteristics. This is because it corresponds to high hole mobility.  
In figure 4, the Hall coefficient is inferred from the diffuse reflectance measured as a function of temperature for 
the ABX compounds. Hence we predict crystal structure for TaIrGe, TaIrSn, TiIrSb, and ZrIrSb and see competing  
Fig. 4. Diffuse reflectance of TaIrGe sample at room temperature [1]. 
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phases considered for determination of TaIrGe, TaIrSn, TiIrSb, and ZrIrSb thermodynamic stability. If we consider 
the wavelength of the irradiating light, we observe stability of the material at around 400nm in the first graph. The 
energy band gap from the last two graphs show stability lie in the range of 1.64ev to 3.36ev. 
4. Conclusions  
The invention of stable transparent conducting ABX compounds will replace the TCO’s which have 
characteristics of low hole mobility. This research is still ongoing and by using this proposed functionality method; 
new stable materials will be introduced in manufacturing and fabricating solar panels and solar displays. Thus, by 
using the proposed results we discover the phonon spectrum, and solve a set of inequalities to determine formation 
enthalpies. These enthalpies hence assist in identifying stability sections of the materials. Diffusion reflectance and 
energy gap help in characterizing the materials. 
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